In order to achieve a long-lasting effect, one of the main goals in root canal treatment is to eliminate the endodontic bacteria. Conventional chemomechanical debridement is considered as the basic treatment in root canal therapy, but adjunctive techniques such as antimicrobial photodynamic therapy (aPDT) can also be helpful. The aim of this study was to evaluate reports in the scientific literature that used different photosensitizers (PSs) for bacterial reduction. The literature search was conducted using databases including PubMed, Scopus, and Google Scholar with the keywords "photodynamic therapy," "antimicrobial photodynamic therapy," or "photoactivated disinfection" and "endodontic," "Enterococcus faecalis," or "root canal treatment," from 2000 to 2015. By evaluating different studies, it was concluded that aPDT should be applied in combination with conventional mechanical debridement and irrigants. However, it is also important to note that the success rate is critically dependent on the type of the PS, output power of the laser used, irradiation time, pre-irradiation time, and type of tips used.
Introduction
Bacteria are considered the main etiology of pulp and periapical lesions due to the production of toxins that irritate the pulpal and periradicular tissue.
1,2 The lack of suitable accessibility of the immune system to the root canal space can lead to an incomplete elimination of endodontic infection. 3 Therefore, root canal therapy is needed to eliminate infection and return the periradicular tissue to full health. 4, 5 One of the primary aims in endodontic treatment is to reduce the number of microorganisms by root canal disinfection. This goal is achieved by chemomechanical preparation of the root canal, application of irrigants and antimicrobial agents, and sealing of the root space. 6, 7 Although chemomechanical debridement is a basic part of root canal treatment, several studies show that this technique has some restrictions due to deep penetration of the bacteria into anatomical structures such as accessory canals, apical branches, isthmus, and dentinal tubules, particularly in the apical one-third part of the root canal. 8, 9 The number of bacteria is significantly reduced in the root canal by the simultaneous application of mechanical debridement and antibacterial medicaments. 10 The long-term success of this treatment is dependent of the anatomy of the root canal system and bacterial resistance. 11 Generally, the main cause of failure is the presence of microorganisms; the main microorganism in root canal treatment failure is Enterococcus faecalis, which is the most resistant form of bacteria that is reported in primary and secondary endodontic infection. 8, 12 Conventional antibacterial irrigants showed some cytotoxicity, which should be taken into account when considering periradicular tissue. 13 To reduce these unfavorable side effects, laser-assisted endodontic disinfection has gained special attention. 14 Although different wavelengths can be used for this purpose, the near-infrared wavelengths between 810 and 1064 nm are the most suitable due to their greater penetration depth compared to mid-and far-infrared lasers. 15 However, lasers use the method of photothermal effects to reduce bacterial counts, and this can be a concern. 16 Antimicrobial photodynamic therapy (aPDT) is based on the application of a photosensitizer (PS), a light source, and oxygen for bacterial damage. 17 After the application of a PS to the site of infection, the light source, which coincides with the peak absorption of the PS, is illuminated to produce singlet oxygen and free radicals, which results in bacterial cell damage. This technique is minimally invasive, non-resistant, and repeatable. 18 The aim of this review study was to evaluate the effectiveness of photodynamic therapy for bacterial reduction compared to conventional methods.
Methods

Search Strategy
The search was done in electronic databases, including PubMed, Scopus, and Google Scholar, using the keywords "photodynamic therapy, " "antimicrobial photodynamic therapy, " or "photoactivated disinfection" and "endodontic, " "Enterococcus faecalis," or "root canal treatment" from 2000 to 2015.
After an evaluation of the articles with related topics to aPDT, 43 articles were selected. Then, a table of data extraction was prepared, and the papers reviewed. The in vitro, in vivo, and clinical trials studies were included. Finally, the studies were categorized according to the type of PS used.
Results
Forty-three studies were found related to keywords used for this review. Among these studies on different PSs, 18 were on the topic of toluidine blue (TBO) ( Table 1) , 21 were on the topic of methylene blue (MB) ( Table 2) , 3 were on the topic of curcumin (Table 3) , and 1 was on the topic of indocyanine green (ICG) ( Table 4) .
Discussion
Different techniques have been developed to enhance root canal disinfection. Among these techniques, aPDT has gained special attention as it can improve the success rate in just one treatment. It can also be applied as a supplement to chemomechanical treatment. 60 To achieve the best results, there are some factors that should be taken into consideration, such as the concentration of the PS, laser wavelength, output power, irradiation time, incubation time, and the type of tips used (e.g., flat or diffuser). 17 Certain studies, such as the one by Bago et al, showed that the use of TBO was more effective in reducing bacterial count; however, most studies suggested that the application of aPDT, accompanied by sodium hypochlorite (NaOCl), led to maximum reduction in the number of bacteria. 25 Conversely, there are some studies indicating that aPDT was not an effective disinfectant. Gergova et al concluded that NaOCl, followed by chlorhexidine irrigant, were the most effective at disinfecting biofilms in root canals. 19 In addition, Hecker et al compared NaOCl with aPDT, and found that aPDT was a less effective disinfectant. 24 In other studies, MB was used as a PS for aPDT to remove endodontic bacteria. Some studies indicated that MB has the potential to eliminate most pathogens involved in endodontic infection, except E. faecalis. It was also found that the success rate in curing endodontic infections is mainly dependent on an appropriate choice of parameters. Yildirim et al, in evaluation of the effects of different light exposure durations on E. faecalis reduction, concluded that irradiation for 1 minute is adequate to achieve the antimicrobial effect. 42 Moreover, they found that by increasing the irradiation dose the antimicrobial effect was slightly greater, although this difference was not significantly important. In addition, Nunes et al reported comparable insignificant antimicrobial efficiency for different irradiation time in groups using MB and a diode laser for aPDT. 48 Only one study related to the application of aPDT using ICG as a PS was found. In 2011, Nagayoshi et al used ICG accompanied by a diode laser with different irradiation times, and came to the conclusion that the application of ICG with a diode laser had the same antimicrobial effect as 2.5% NaOCl. 59 However, the fibroblasts can be damaged by 2.5% NaOCl, so aPDT is useful as a treatment option which does not cause damage to surrounding tissues. Recently, the application of curcumin as a PS has gained special attention. Curcumin has a peak absorption at around 450 nm, which is similar to LED devices. 61 It is thus essential to connect a fiber optic to the LED in order to provide a more effective photodynamic therapy. In addition, the fiber optic should be moved inside the root canal. After assessing the different studies, which used curcumin as a PS, it was concluded that the application of a PS accompanied by LED irradiation enhanced the results. 57, 58 Overall, the literature survey suggested that the best approach is to use TBO and MB with concentrations under 100 µg/mL and an incubation time of 1 to 5 minutes, followed by laser irradiation for a period of time that is mainly dependent on the output power of the device which defines the dose. It should also be kept in mind that aPDT should be performed following conventional instrumentation and irrigation. When using ICG as the PS, the commercially available concentrations of 1 mg/mL can be applied inside the root canal. After 5 minutes, which is considered pre-irradiation time, ICG can be activated using a diode laser at a wavelength of 808 nm with a fiber of 200 µm for 10 seconds to control the thermal effects. This wavelength has a greater penetration depth compared to other wavelengths used in aPDT, which is favorable in the elimination of bacteria in endodontic treatment. On the other hand, the reaction between ICG and the 808 nm diode laser is more a thermal than a chemical process, which enhances bacterial death. Finally, for curcumin, it has been suggested that it should be dissolved in a 0.5% dimethyl sulfoxide solution, as this has the potential to provide more free radicals after irradiation. The pre-irradiation time for the curcumin solution can be only 5 minutes, and then it is activated by illuminating with an LED for 5 minutes; this rapid method can thus save time.
Conclusion
The technique of aPDT can be applied alongside conventional chemomechanical techniques to improve the reduction in the number of endodontic bacteria, or the behavior of the bacteria by altering the virulence factors, which can reduce their ability to form biofilms.
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Enterococcus faecalis, Streptococcus salivarius, Porphyromonas gingivalis
and Prevotella intermedia bacteria 1) Aseptim Plus® photo-activated (LED) disinfection system; 2) Group by a 650 nm diode laser and toluidine blue as photosensitizer; 3) Control group, by ultrasonic irrigation (PUI) using EDTA 17% and NaOCl 2.6% solutions In vitro E. faecalis 1) Disinfection with NaOCl (0.5%, 1.0% or 3.0% for 30 or 60 or 600 s); 2) Disinfection with NaOCl (as above) followed by application of neutralizing solution; 3) Disinfection with the PACT 200 system.
TBO not mentioned
635 nm P: 200 mW T: 4 or 6 min The antibacterial PDT system did not achieve sufficient disinfection.
Bago et al 25 
2013
In vitro E. faecalis 1) Diode laser irradiation (2 W; 3, 9, and 20 s); 2) PAD (100 mW, 60 s); 3) PAD with 3D Endoprobe (100 mW, 60 s); 4) 30-gauge syringe irrigation with NaOCl (60 s); 5) sonic agitation of NaOCl with the EndoActivator system (60 s); 6) 30-gauge syringe irrigation with NaCl (60 s).
TBO 155 μg/ mL 660 nm P:100 mW T: 60 s The PAD and EndoActivator system were more successful in reducing the root canal infection than the diode laser and NaOCl syringe irrigation alone.
Yao et al 26 
2012
In vitro Vaziri et al 27 
Enterococcus faecalis
2012
In vitro E. faecalis 1) Sodium hypochlorite (NaOCl) irrigation; 2) Diode laser plus 2.5% NaOCl; 3) PDT; 4) 2.5% NaOCl plus PDT; 5) Chlorhexidine irrigation; 6) Control groups In vitro E. faecalis 1) MB/NaOCl (PDT with MB and NaOCl as the irrigant),
2) TB/NaOCl (PDT with TBO and NaOCl as the irrigant), 3) MB/NaCl (PDT with MB and NaCl as the irrigant), 4) TB/NaCl (PDT with TBO and NaCl as the irrigant) For planktonic cultures, blue light activated eosin-Y (5 μM), rose bengal (1 μM), or curcumin (5 μM) significantly reduced E. faecalis compared to non-irradiated group.
For biofilm cultures, concentrations of light-activated eosin-Y, rose bengal, and curcumin of 100, 10, and 10 μM respectively suppressed E. faecalis viability. 
